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ABSTRACT. On the basis of investigation carried U]il-il now, tliu t onstitucnt/s of the 
Martian ntmosphoro and tlioir relative abnndiinco at the aiirbK'o lius bonji i fillr'clAHl. Tlio 
altitude distribution of these constituents has been calculated after considorjug the hydro- 
htatio oquilibrium of the atmosphore and assuming the temperature distribution with ullitudo 
m the Martian atmosphere given by Goody (1957). 'J’bo phntuchoinical modifications of the 
major constituents (Na and COj) are then separately considororl It lias boon found that COo 
is completely dissociated above 130 kra and above 250 km. Considering the cliemiluminos- 
cont reaction between photodissociatod prn^ 'ucts and the main constituents of the Martian 
atmosphere, it is found that the flame bands of COa and the red and violet systems of CN may 
bo present in tho Martian airglow.
I N T R O D U C T I O N
W ith  th e  g re a t progress o f space research achieved in  recent years, the  neces­
s ity  o f h a v in g  m ore  in fo rm a tio n  o f p lane ts  and th e ir atm ospheres is  fe lt. One o f 
tlio  m ethods o f in v e s tig a tin g  th o  atm osphoros o f p lanets, m ay he to  extrap o la te  
the  re su lts  ob ta in ed  fo r th e  te rre s tr ia l atm osphere. F o r exam ple, on detornun- 
ing th e  p ro to n  flu x  w h ic h  is  in c id e n t on th e  top  o f th o  e a rth  s atm osphere causing 
the reb y e ith e r d ire c tly  o r in d ire c tly  th e  au ro ra , th o  p ro ton  flu x  in c id en t on tho  
atm osphere o f M ars m a y  be e s tim a te d . W e have considered boro th e  a tm os­
phere o f th e  p la n e t M a rs. I t  is  expected th a t th is  p la ne t w ill be the  firs t one 
be exp lored  b y  ro c ke ts .
II v a r i a t i o n  o f  c o m p o s i t i o n , t e m p e r a t u r k  
a n d  p r e s s u r e  w i t h  a l t i t u d e  i n  t h e  
a t m o s p h e r e  o f  m a r s
T he  in v e s tig a tio n  o f th e  M a rtia n  atm osphere w hich has been earned o u t u p til 
now , (K u ip e r, 1952; TJrey. 1959; D o llfu a , 1961), reveals t lia t  N j, C O ,, A r and some 
am ount o f Og and  H 2O va p o u r a re  p resent in  its  atm osphere.
The table below gives the composition and certain characteristics of the 
Martian atmosphere at its surface.
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TABLE I
Na 219.00 gm cm-2
OO2 5.98 gm cm~2
Ar 1.28 gm cm'2
Oal 0.35 gm cm~-2
HjO 0.Q42 gm cm" 2
Total mass of the atmosphere 227 00 gm om-a 
Average surface temperature 300“K  
Average pressure at the surface 8.87 X 10* dynes cm - 
g at the surface 391 cm seo~^
From the variation o f temperature with altitude in the Martian atmosphere 
as given by Urey (1959) estimated from Goody’s (1957) calculations, the Martian 
atmosphere can bo divided into three regions as follows :
Datum Temperature Temperature 
Altitude Zq at the Datum GradientRegion
(km) (km) Altitude To, 
(°K)
(°K.lan-i)
0 -3 0 0 300 -3 .7 5
30—90 30 187.5 - 0  96
90 and above 90 130 -  +1.05
Assuming complete mixing o f the constituents o f the Martian atmosphere 
upto 130 km and neglecting the variation o f g Avith atltitude, the altitude distri­
bution o f the constituents has been calculated after considering the hydrostatic 
equilibrium. The equation is
(2)
where a is the rate o f increase o f T  with height.
The mean molecular mass m has been obtained from the relative abundance given
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111 tho Table 1. The oaloulatod diatributionfl of COg, H^O and Og upto 130 km 
.irc shown in Fig. 1.
TEMPtRATURE °K
F i r . 1 . Tho oolculated distributions ol N2, CO2, II3O und O2 upto 300 Km. in tho Martian 
atmosphere.
The distribution o f the constituents above 130 km, i o. in tho region of dif­
fusive separation has been calculated from the following equation .
j^i+ian ^130 •
... (3)
which is obtained after replacing m by the molecular mass Wi* of the i-th  ^
tuent. Tho distributions o f atniosphorio constituents of Mari above . m 
and upto 300 km are also shown in F ig . 1.
M O D I F I C A T I O N  O F A T M O S P H E R I C  D  ^® B U T T O N  
B Y  P H O T O C H E M I C A L  R E A C T I O N S
In this section, we shall consider the distribution o f the two main constituents 
(N2 and COa) o f the Martian atmosphere as modified by photochemica roac 10m. 
Duo to solar ultraviolet radiations, Na is dissociated into two atoms am 2 
into CO and O. As these dissociated products are very reactive, t ey pro uce 
many chemical reactions leading to a complex photochem istry^ the w  
atmosphere. We shall now consider separately the dissociation of an g.
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equation 8 and 12 the distributions o f COg and N 2 as modified by photoohemical 
reactions and correct to the first approximation is calculated.
In order to obtain the distributions o f  N 2 and CO2 correct to the second ap- 
proximation, the transmission (joefficionts Kj,  ^ are recalculated after assuming the 
above distributions o f Ng and COg correct to the first approximation. The modi­
fied distributions o f  Ng and 00^ correct to the second approximation are given m 
Table II and in Fig. 3.
Fig. 3. The distributions of Nj and CO., in the Martian atmosphero at modihod by photo- 
oliemioal reactions.
D I S C U S S I O N  _
The greatest source o f error in the determination o f  the altitude distributions 
o f the constituents in the Martian atmosphere is the uncertainty in the distri­
bution o f  temperature with altitude. In the present calculation, the tempera­
ture distribution given by Goody (1957) has been adopted. If, however, the 
Martian atmosphere is assumed to be isothermal having the same temperature 
as at the surface, the distribution o f  the total particle concentration with 
altitude is given by
r kT  1
which gives the distribution as given below.
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Altitude
ns (cm“8) 
Isothermal
ns (cm"8) 
Goody’s Tomp 
distribulion
0 2.14.101B 2 14 lOii 
100 2.53.lOio 1.90.101B 
200 2.98.1014 9 30.10ai 
300 3.62.1012 7 22.100
l i  is t(^  bo noted that at 300 km the total particle concentrations obtained 
from the two temperature distributions differ by  about two orders At lower 
altitude the difference becomes less.
TABLE 11
The distribution o f  N 2 and COg as modified by photochemical 
reactions
Altitude
Km ij(COa) cm~a n(CO) t m-i ii(N2) cm"' 11 (N) cm-9
0 3.64x1010 _ 2 09X10*8 _
10 2.58x10*6 — 1.49x10*8 —
20 1.74x1016 — 1.00x1018 --
30 1.09X1018 6.30X1017 —
40 5.54X101B — 3.19X10*7 - -
60 2.71X1018 1.93X107 1.56x1017
60 1.16x1018 5.29 xlOio 6.67x101*5 -
70 6.68x1014 2 02x1011 3.27 XlOi*'
80 3.14x1011 5.74X1011 1.81X1010 ~
90 9.78X1013 1.34X1013 5.71x10*8 -
100 3.18 XlOis 2.22x10*3 1 96 X ion 3.28x10-
110 9.60x10*2 2 93x1012 7.23x10*4 6.44x100
120 9.00x1011 4.08X10*2 2,87x10*4 4 33x10"
130 3.00x1010 2.00X1013 1 .20x1014 1 24x1011
140 7.60x100 9.13X1011 5.30X1019 J 90X1011
160 2.44x107 2.85x1011 2 40x10*3 2.22x10*1
160 9.82x108 9.49X1010 1 19X10*3 2 04x1011
170 5.39X104 3 33X10*0 6,92x1013 2 04x10*1
180 3.68 X 109 1.23X10*0 3.02x1013 2.65X1011
190 2.81X103 4.7OX1O0 1.56X101= 2 65x10*1
200 2.47 XlOf 1.89X100 8 00X10*1 2.57 X 10*1
210 7.91x108 4 04X10*1 2 44X10*1
220 .3.42X108 1.92X1011 2.22 X 10*1
230 __ 1.52X109 8.35X10*» 1.91X10*1
240 7.00X107 3 20X1018 1.52x10*1
260 3.43x107 1.13X10*8 1.11 X IQii
260 __ 1.62x107 1.68x100 7.92 X 10*1
270 8.04X100 8.59x108 5.06x1010
380 4.08x100 2.41X108 3.36 X 10*0
290 _ 2.12x100 6.58X107 2.17 X10*8
300 - 1.13X100 1.91X100 1.44x10*0
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TABLE i n
The photon flux at the top o f  the Martian atmosphere and the absorption 
cross-section o f 00^, between 1750A— 1076A.
Kogi(m 
X lOaOm-3
55 — 56 
55 -  57
57 -  58
58 -  59
59 -  60
60 -  61 
61 -  62
62 -  63
63 — 64
64 — 65
65 — 66
66 — 67
67 -  68
68 -  69
69 -  70
70 — 71
71 -  72
72 — 73
73 74
A Morption 
fU'oss-Bection 
of CO* cm *
Photon flux 
cm’ * seo’ 2
Kegion 
X 103 cm 1
Absorption 
crosB-aec. of 
COa cm 2
Photon flu3 
cm 2 sot J
1 X 10-21
1 X lO ’ 21
8 .52x10 -21  
1.78 X 10-20
4.28 XlO’ 20 
7 ,0 4 x 1 “ 020 
1.15x10-10  
J .77 xlO -io
2 60x10-10
3 55x10-10  
4.59 X lO -io  
5 .4 6 x1 0 -1 0  
5 .6 3 x 1 0 -1 9
5 87x10-10 
5 .9 7 x 1 0 -1 0  
0 .1 7 x1 0 -1 9
6 76x10-10  
0 .3 5 x 1 0 -1 0  
7 .1 7 x1 0 -1 0
0.535x1011 
4 .722x1011 
4.571X1011 
3 965x1011 
1.945X1011 
1.889x1011
1 .821 xlO ii 
1.273x1011 
7 482x101" 
7 241x101" 
7.030X101" 
5.426X1010 
2.454x1010
2 386x101"
2 .320X  lOio 
2 308x1010 
1 538x101" 
6 .517x100  
6 379X100
74 -  75
75 -  76
76 -  77
77 -  78
78 -  79
79 -  80 
8 0 - 8 1  
81 -  82
82 — S3
83 — 84
84 -  85
85 -  86
86 -  87
87 -  88
88 -  89
89 -  90
90 -  91
91 -  92
92 -  93
9 1 0 x 10 -10  
9.11 X 10-10 
8 63x10-10 
6 24x10-10 
4.57x10-10
3 OOxlO-io 
1.70X10-JO  
9.00 X 10-20
6 00 X 10-20
4 00X10-20
5 00X10-20 
3.00x10-10 
2.71x10-18 
9.00x10-17
6 75x10-17  
1.03x10-16  
1.92x10-17  
3.05x10-17  
1 02x10-17
1 .055xi0i( 
' 6.034 XlOD 
y  760x100 
,^.600 X 10s 
3; 491 xlOs 
1 41SxiOo 
7.629 xKJh 
3 254 xlOs
8 620X101' 
1 919x100 
3 .0 1 7 X10b 
1.057X100 
2.888x108 
2.801 XI0» 
2.760X108 
2.694X108 
2.487x108 
1.026X108
9 621X100
The distribution o f  the dissociated products may be modified by chemical 
reactions between Ng, COg, 0 0  and N- It is apparent from Figs. 3 and 1, that 
the effect o f the dissociation o f Og (which is neglected in the present calculation) 
on the distributions o f  COg, CO and O is negligible below 200 km owing to the low 
concentration o f Og, but becomes appreciable above this altitude. Although 
the concentrations o f OH and H  (produced by the photodissociation o f HgO hy 
solar ultraviolet radiation below 1800A, (see Watanabo et al., 1953) m aybe very 
small below 200 km but because o f their reactivity the photochemistry of the 
Martian atmosphere can bo altered considerably. Furthermore, the reactions 
between N, Ng, O and Og can produce the oxides o f nitrogen, which are recently 
reported to be present in the Martin atmosphere (Kiess et al., 1960)
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TABLE IV
Distribution o f Ng molecules in the Martian atmosphere.
Alljindo ii(N)
n(N)
with n(liv) 
xK v=10“i«
n(N)
with n(hv) 
xKv=^ 10-12
n(Na) n(N2) n(N)
witL n(liv) witli n(hv) 
XKt - , 10 10 x K v .-10-13
2 OOxlOis 
1 49X101S 
1 OOxlOiB 
6 30X1017
3 19x1017 
1 50X1017 
6.07 X 1017 
3.27x1010 
1.81 XlOio 
5 71X1018
100 3.28X10!^ 1 29X1011 1.29X1010 1 !
110 6 .4 4 x 1 0 0 1 60 x 1011 1 60X1010 7.
120 4 33X100 1 9 X lO ii 1.9 XlOio 2
130 1.34X1011 2 01X1011 2 01 XlOio 1
140 1 90X1011 2.94 XlO ii 2 94 XlOio 5
150 3 22X1011 3 26x1011 3 26 X 1010 2
160 3 64X1011 3 38x1011 3 38 x l()io 1
170 2 64x1011 3 41 X lOii 3 46X10JO 5
180 2 65 X lO ii 3 40X1011 3 49x1010 3
190 2 05 X 1011 3.36x1011 .3.52 X lOi" 1
200 2 57 X 10'1 3.24x1011 3.54 X 1010 8
210 2 41 X 1011 1 72x1011 3.06 x lO io 4
220 3 23x1011 2 79 X 1011 3 67x1010 1
230 1 91 X 1011 2 .34  X 1011 3 76x1010 8
240 1.52x1011 2 09X1011 3 78x1010 3
250 1 11 x lO ii 1 16x1011 3 46x101" 1
260 7 92 X lOio 7 86 X 101" 3.21 X lO i" 1
270 5.06x1010 5 18X1011' 2 OOxlOio 8
280 3 36X1010 3 33x1011' 2 43x1010 -
290 2 17x1010 2.19 XlOio 1 84X1010 6.
300 1.44X1011' ] .45 X lOio 1 32X1010
It is to bo noted from Table II  that above .
56X1012
OOXlOii
92X1011
91 XlOo
2 OOxlOis 
1 .49X1018
1 .0 0 x 1018
6.30x1017
3 19X1017 
1 .56x1017 
6.67X1017 
3.27 XlOio 
1,81 xlOio 
5.71 XlOis
1 97X1018 
7 23X1014
2 87x1011
1 20 X 1014 
5.30X1018
2 45X1013 
1 18x1013
6 48X1012 
1 99x1012 
1 .52X1012
7 66x1011 
4 40X1011
1 .64x  1011 
6.34 XlOio
2 56X1010 
1 05 X lOio
1 90x101'
2 00x108 
1 .50x108 
1 80X108
3 30X108
2 09X1018 
1,49 XlOio 
1 .00x 1018
6..30xl0i7
3 19X1017 
1 56x1017 
6.67x1017
3 27x1010 
1 81x1010 
5.71X1010
1 96xl0 in  
7.23 x 1011
2 87 x1014
1 20X1014
5 31 XlO'3
2 47X1013 
1 20X1011
6 84 XI 012
3 14X1012
1 67x1012 
9.10X101 r
5 08x1011
2 84x1011
1 60x1011 
9 07 X1010 
5 01 XlOio
2 64x1010 
1 .12X1010 
4.75X102
XlO'J 
00x100
1
IS denser than the terrestrial atmosphere (Vaucouleurs has also obtained the samo 
ro,suIt, 1960). The concentrations o f  dissociated species (CO, O, N, OH and ) 
<iro also much higher. It  is known from laboratory experiments that reactions 
between those constituents produce chemiluminesoence and hence an, airg ow 
in the Martian atmosphere can be produced. The spectrum o f the airg ow is 
expected to contain COg and ON band systems for the following reasons. It 
iB a well k n o w n  fact that COa bands a re  emitted from CO— Og flam es at ordinary
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tonjporatuTos. Auoording to Gaydori (1957), such band emission may be oaiised 
by the following reaction ;
O - ] - C O g - j - i M T  
CO*2-> COg+Z^v.
In ti)e martian upper atmosphere where both O and CO are present, COg band 
emission is therefore expected. Again, recently Broida and Heath (1957), observed 
a luminous reaction between 0 0  and N  emitting red and violet systems of CK. 
These bands o f CN are also expected to be present in the Martian air gloiw.
In  Table II the N-atoni concentration has boon calculated by apj^ying oqu 
(13.). In this calculation, it has been assumed that every absoiption \of photon 
prodissociates Ng molecule This may not hapi)en in reality. In order fo  obtain 
the range o f concentration o f N  atom in the Martian atmosphere, two concentra­
tions have been calculated for tlie limiting lower dissociation pro>)ahilitics (10“ ’ -’ 
800“ ’  ^ as given by Bates, 1953) and given in Table IV  and from 10“ ® sec“  ^ given 
in Table III.
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